Objective: To explore factors throughout the lifespan that influence cognition in midlife to late life.
Numerous epidemiologic studies have reported that negative conditions in utero are associated with poorer adult life outcomes, including chronic disease and lower cognitive function. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] However, several recent studies have shown that early life postnatal exposures may have greater bearing on adult health compared with prenatal factors. [4] [5] [6] [7] Larger birthweight, the most widely researched birth size measure, was associated with better cognitive function from infancy through the third decade of life in geographically defined populations of several countries. 3, [7] [8] [9] [10] [11] [12] However, the impact of birthweight has not been shown to persist after age 40. 8 Birth head circumference has shown a similar pattern to birthweight, such that associations observed in young cohorts were not replicated in an older British sample, aged 48 -74. 13 Research with followup through mid-to late life has been sparse, but the few studies done suggest the association between birthweight and cognition may diminish as individuals reach middle age. 8, 13 However, these studies had varying adjustments for prenatal and postnatal factors and limited growth measures. We investigated the combined effect of birth size, early life factors, and adult factors on midto late-life cognition in a large, retrospective birth cohort study in Beijing, China.
METHODS Study design and population. We conducted a birth cohort study on individuals born during 1921-1954 at Peking Union Medical College Hospital (PUMCH) in Beijing, China. Established in 1921 by the Rockefeller Foundation, PUMCH has operated continuously under an American medical model except for 5 years of closure for World War II (1942) (1943) (1944) (1945) (1946) (1947) . The hospital serves a wide socioeconomic spectrum but higher on-average than the Chinese general population. 14 During the periods 1921 During the periods -1941 During the periods and 1948 During the periods -1954 , a total of 11,694 Chinese neonates were born in PUMCH. Using actuarial census projections, we estimated there would be about 6,570 survivors at the time of the planned assessment. Based on a pilot study in 1995-1996, we estimated that about 2,990 individuals would be successfully traced and that about 86% of these individuals would agree to participate in the study. In 2003-2005, we actually traced 2,503 subjects through community registries and media announcements. Among traced subjects, 418 did not participate due to refusal (n ϭ 78), being deceased (n ϭ 175), or residing outside Beijing (n ϭ 165). Individuals could not be traced for multiple reasons. First, community registries, such as the Beijing population registry, delete individuals when they die or move from the area. Second, some individuals traced using the community registry were not the individuals identified in the medical records. Based on our pilot study and the great migration due to China's domestic policy during the lifetime of this cohort, the loss to follow-up is likely due primarily to mortality and migration to other parts of the country or to other countries, with a smaller number due to birth record errors. Of the 2,085 individuals who were traced and agreed to participate, 2,062 had complete cognitive examinations, and 1,956 had no missing data and were used in the analyses.
Standard protocol approvals, registrations, and patient consents. We received approval from the PUMCH Ethics
Committee on human experimentation. Written informed consent was obtained from all study participants.
Measurements. All participants were examined at PUMCH from September 2003 to March 2005, when they were ages 50 to 82, and were followed up for missing data until March 2006. The PUMCH team of neurologists, physicians, nurses, and trained technicians performed all assessments. The cognitive tests were administered by neurologists. The battery was comprised of the Fuld Object Memory Evaluation (0 -20 points), 15 Fuld Verbal Fluency, Wechsler Intelligence Scale for Children-Revised Block Design (0 -62 points), and WAIS-R Digit Span (0 -22 points). 14, 16 We abstracted birth records, including gender and information related to birth size (i.e., birthweight, birth height, head circumference, gestational age, placental weight), and early life family conditions (i.e., birth order, maternal age, father's occupation); ponderal index was calculated as birthweight divided by birth length. 3 Information on early life environment from childhood through early adulthood were obtained by questionnaire, including education and nutrition (i.e., daily childhood milk drinking, shortage of food during childhood, which was defined as being hungry due to lack of sufficient food for at least 6 months per year for at least 2 years during childhood). Measurement of height was obtained as an estimate of height in early adulthood.
Adult factors that were collected by in-person interviews were current alcohol consumption, current cigarette smoking, recreational activities Ն1/week after age 50 years (i.e., playing cards, traveling, and other activities), and physical activities Ն1/ week after age 25 (i.e., running or swimming). To estimate the presence of selected health conditions, serum levels of triglycerides, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol, and plasma concentrations of glucose (FPG) were assessed following a 12-hour overnight fast. Participants without a history of diabetes received a 75 g oral-glucose load, and after 2 hours, plasma glucose (PBG) was measured. Diagnosis of diabetes was made for FPG Ն126 mg/dL, PBG Ն200 mg/dL, or diabetic history or medication. 2 Dyslipidemia was defined by the International Diabetes Federation definition. 17 Medical records were reviewed to identify a history of stroke. In addition, all participants had a CT scan. Those with evidence of a previously undocumented stroke on CT using World Health Organization criteria 18 were evaluated further with an MRI. Waist circumference and blood pressure measures followed standard protocols. Hypertension was defined as the presence of systolic blood pressure Ն140 mm Hg, diastolic blood pressure Ն90 mm Hg, or a history of hypertension with medication.
Statistical analyses.
A cognitive global score was constructed by summing z-scores of the four cognitive tests. The summed z-scores were divided into 4 ordinal categories designating the 10th, 42nd, and 90th percentiles. Cronbach's alpha was 0.66, indicating that the global score adequately summarized the individual test scores. Independent variables were selected a priori on the basis of postulated causal mechanisms and prior research, and were grouped as prenatal factors related to birth size, early life factors, and adulthood factors. Categories for each variable were formed using established cutpoints or gender-specific SD within the study population. The clinically normal/intermediate range was used as the reference group.
We compared cohort characteristics using 2 tests for proportions and t tests for means. To assess prenatal and postnatal influences on mid-to late-life cognition, we constructed 5 successive classes of cumulative logit models 19 that represent probabilities cumulated over the lower-ordered category values. Model I estimated unadjusted (crude) associations of individual factors with cognition. Model II adjusted for prenatal factors only. Model III included both prenatal and early life factors. Model IV examined the full life course (i.e., prenatal, early life, and adult periods). We also tested interactions between each prenatal factor with all other life-course variables, and 2-way interactions for age-and genderspecific effects for prenatal and early life factors by forward stepwise selection from the full life-course model, setting p Ͻ 0.05 as the level for retention (model V). To identify postnatal factors operating at the highest level of prenatal risk, we first estimated each participant's risk of low cognition adjusted for prenatal factors alone, i.e., using a prenatal risk score based on coefficients from model II. Persons in the highest quintile of risk (n ϭ 419) were then selected for further cumulative logit analysis.
Several sensitivity analyses to determine whether alternative assumptions or procedures affected results were conducted. Highly correlated factors were either dropped (e.g., body mass index related to serum levels of cholesterol and waist circumference) or combined into indices (i.e., ponderal index replaced birthweight and birth height), and only factors with phi coefficients Ͻ0.50 remained in the final models. Because large numbers of independent variables could change the statistical properties of estimated odds ratios (OR), we further reduced the number of adulthood factors, through an adjusted adult cumulative logit model, setting p Ͻ 0.05 as the significance level for retention. Thus, adult factors removed from the final adjusted full life-course model were cigarette smoking, dyslipidemia, physical activities, and hypertension, although the last 2 factors showed significant association with cognition in the unadjusted model. Table 1 shows the characteristics at birth for the PUMCH's source population of Chinese neonates (n ϭ 11,694). Although participants (n ϭ 2,062) differed on most birth factors compared to the nonenrolled source population (n ϭ 9,632) or traced decedents (n ϭ 175), they do not differ from traced survivors who did not complete examinations (n ϭ 266). The distributions of the cognitive subscales and global scores and exposures in adulthood are summarized in and early childhood are more important than growth in utero in determining cognitive function up until middle adult life. [4] [5] [6] [7] Our findings extend those of previous studies by assessing individuals into their 80s and also adjusting for multiple potentially influential factors throughout the lifespan. We conducted post hoc analyses using partial correlation coefficients to assess the interrelationship between adult factors (e.g., diabetes, stroke) and father's occupation or childhood milk drinking patterns. The partial correlations were small, typically similar to the non-partial correlations, and not significant, thus providing ad- ditional support for the independent contribution of early childhood and adult factors on cognition. Overall, father's occupation was influential in mid-to late-life cognition, but we found the effect differed based on the individual's age. Father's occupation has a broad effect on the social environment in many cultures, including China's. In our study, older and younger age groups reflected different cohort experiences pre-and post-1949, when the People's Republic of China was founded. Older members of the cohort were born in the Republic of China, a period with pronounced social class differences in living conditions. In this older cohort, we found that participants whose fathers worked as laborers, compared with professionals, had significantly lower cognition in mid-to late life, a social class association that has been previously noted, but mainly for childhood cognitive outcomes. 3, 7, 8 In comparison, among younger cohort members born after 1949, we found that those with professional class fathers had an enhanced risk of lower cognitive function. The events that happened in contemporary Chinese history could help us interpret the seemingly counterintuitive findings. When the radical revolution led by a party who claimed that they represented the interest of the labor class was introduced after 1949, the scope was broad enough to affect every individual's life. One major goal of the revolution was not only to eliminate privileges, but also downgrade the role of selected social classes (e.g., intellectuals) and elevate living standards and social status for the labor classes. Our findings suggest that the impact of social class on cognition needs to be interpreted within a particular social and historical context.
RESULTS
Nutrition is thought to have its greatest effect on brain development during periods of rapid growth known as growth spurts, 20 which occur at specific time points spanning the prenatal to adolescent periods in different areas of the brain. Some research has reported an association between breastfeeding as a marker of early childhood nutrition and childhood cognition, but little has been studied on the link between post-infancy childhood diet and mid-to latelife cognition. [21] [22] Our analyses demonstrated the association between daily milk drinking and cognition later in life, independent of other factors across the life course.
Even with adjustments for many other variables, we cannot rule out the possibility that daily milk drinking in childhood may be a proxy for childhood health and enriched environment. It may suggest that in populations with traditional rice-based diets and insufficient nutrition, as in Beijing from the 1920s to 1950s, milk may have been an important supplement providing essential nutrients that en-hanced cognitive development. On the other hand, we found that childhood malnutrition due to a shortage of food in childhood did not appear to influence risk of lower cognition in mid-to late-life in the fully adjusted model. We further examined whether collinearity between childhood malnutrition and short adult stature explained the lack of an association between a shortage of food in childhood and lower mid-to late-life cognition, but the results did not support this explanation. Some studies have shown that early to middle adulthood smaller height is related to increased dementia prevalence, consistent with the protective effect we observed for mid-to late-life cognition. 8, 23 Our study suggests that early life nutrition may have a long-lasting effect across the lifespan.
Our findings showed a trend toward a stronger association between early life factors and cognition among the high prenatal risk group. With respect to preventing poor long-term cognitive outcomes, controlling risk factors especially beginning in early postnatal life may supersede and compensate for fetal vulnerabilities such as small birth size.
Strengths of this study include the relatively large sample with a comparatively long follow-up period compared to previous research on this topic. We also were able to assess the influence of numerous variables from different dimensions of social status, lifestyle factors, and health across developmental periods, including details of birth measures from medical records. In addition, our study provides a unique opportunity to examine the impact of a naturally occurring socioeconomic experiment. Specifically, the 8 decades that span the duration of the study correspond to great social and economic change within China. For example, the establishment of the People's Republic of China in 1949 signified major changes in social classifications of Chinese citizens. In addition, prior to and following 1949, citizens experienced 2 widespread famines that likely led to malnutrition. Because participants were in their early life years between the 1920s and 1960s, this sample provides a unique setting for investigating the impact of major socio-historical events within China's history on cognition in mid-to late-life.
Limitations of our study are that we were not able to locate and assess all individuals born at PUMCH during 1921-1954. The participation rate for those who were traced and alive was 89% and among persons we traced, no differences in birth measures were observed between participants and living nonparticipants who had moved or refused. Even so, it is possible that our findings would not apply to individuals who survived to midlife, but died prior to this study or could not be located. Although our sample is not population-based, the PUMCH cohort encompasses a broad socioeconomic spectrum of China from indigent to wealthy, except for peasant farmers. Distributions of birth measurements were similar to the Chinese general population of the time and adult cognitive scores are comparable to contemporary Western normative samples. Consequently, our findings for prenatal factors may generalize, but first warrant replication in other populations. Another possible limitation of this study is the reliance on retrospective recall for some of the early life and midlife factors. Although this methodology is commonly used by studies that assess factors throughout the lifespan, it is subject to recall error and potential bias. One might predict if recall error was an issue that its effect would be similar for related information. For example, if recall error resulted in those with low cognitive scores being less likely to endorse daily milk drinking during childhood, then one might also expect this group to less frequently endorse food shortages during childhood. Our data do not show this pattern, suggesting that selective recall error does not explain our results.
Our findings suggest that cognition in mid-to late-life is impacted by the cumulative effect of nutrition, education, social, and family environment in early life and midlife. Prenatal measures reflecting birth size had little effect on cognition once factors throughout the lifespan were considered. 
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